A serial multiplex PCR approach was reformulated for pneumococcal serotyping to test 153 clinical isolates from children in Mozambique. This approach identified serotypes in 139 (90.8 %) of 153 isolates; 126 (82.4 %) were identified within two reactions. This approach in developing countries would require minimal training and could provide useful serotype information without requiring transport of specimens.
INTRODUCTION
Streptococcus pneumoniae is among the leading causes of childhood death in Africa (Berkley et al., 2005) . More data are needed on pneumococcal serotype distribution in Africa to advocate the introduction of appropriately formulated pneumococcal conjugate vaccines and to conduct surveillance for replacement disease after vaccine introduction. Few reference laboratories in Africa perform pneumococcal serotyping using the Quellung reaction, the gold standard for serotyping. Research laboratories send pneumococcal isolates to international reference laboratories for serotyping at considerable expense. Here, we evaluated a serial multiplex PCR approach (Pai et al., 2006) for identification of serotypes or serogroups of pneumococcal isolates from hospitalized children in Mozambique. We evaluated the flexibility of this method by altering combinations of serotype specificities and determined that our primer pairs were specific for corresponding serotypes from isolates recovered in this region.
METHODS
Pneumococci (n5163) were isolated from blood, cerebrospinal fluid or middle ear exudate from children under 15 years of age admitted to Manhiça district hospital between June 2003 and May 2006; 66 % were from children less than 2 years old. Automated blood cultures were performed following hospital admission for all children less than 2 years of age and for children aged 2-14 years with axillary temperatures .39 uC as described previously Valles et al., 2006) . a-Haemolytic colonies were tested for optochin susceptibility in the microbiology laboratory of the Centro de Investigaçao em Saú de da Manhiça (CISM-Manhiça Health Research Center) to differentiate S. pneumoniae from other a-haemolytic streptococci, and pneumococcal isolates were stored at 270 uC in 10 % skimmed milk. Isolates were recovered prior to transportation and shipped in STGG medium at 4 uC as described previously . Pneumococcal isolates were conventionally serotyped using the Centers for Disease Control and Prevention (CDC) procedure and multiplex PCR was performed following a published protocol (Pai et al., 2006) . Combinations of primer sets in the first two reactions were designed to identify 80 % of invasive pneumococci based on African serotype surveillance data (Hausdorff et al., 2000; Valles et al., 2006) . Each of the seven reactions included four primer pairs targeting different serotype-specific sequences (with an additional primer pair in reaction 6; see Table 1 ), plus the internal positive control for a 160 bp conserved region in the pneumococcal cps operon. We modified the order of primers proposed previously for African isolates (Pai et al., 2006) in order to improve visualization of results: primers for serotype 5 were included in PCR 1 and primers for serotype 1 were included in PCR 2 (Fig. 1 ). DNA extraction, PCRs and electrophoresis were performed as described previously (Pai et al., 2006) , except that serotype combinations were formulated to avoid PCR products with differences in sizes of ,50 bp to allow better resolution in 2 % agarose gels (see Fig. 1 ). Reactions in which the positive control target was not amplified were repeated. Serotypes were retested by the Quellung reaction when a discordant serotype was identified by multiplex PCR.
RESULTS AND DISCUSSION
Of the 163 isolates stored in the CISM laboratory, five failed to grow. Of the 158 isolates transported to the Streptococcus Laboratory at the US CDC, two isolates failed to grow and three isolates were not S. pneumoniae. Among the 153 pneumococcal isolates recovered for serotyping, 143 were from blood, eight from cerebrospinal fluid and two from purulent ear fluid. PCR 1 identified 68 (44.4 %) of the 153 isolates. Sixty-six (97.1 %) of the 68 PCR 1 results were consistent with the Quellung reaction results. For the two discrepant results, the PCR 1 results were found to be correct after retyping by Quellung (Table 1) . PCR 2 was performed for the remaining 85 isolates that had amplified only the positive control cpsA locus in PCR 1. PCR 2 identified serotypes for 57 (67.1 %) of the 85 isolates and all were concordant with Quellung reaction results. Overall, the first two PCRs identified 125 (81.7 %) of 153 isolates from hospitalized children in Mozambique, whilst PCRs 3-7 identified serotypes for 15 additional isolates (9.8 %). After seven sequential PCRs, only 13 isolates (8.5 %) were not assigned serotypes. Only one reaction failed to amplify the positive control and therefore needed to be repeated.
Classical serotyping at the CDC required 360 screening reactions with pools of antisera, 437 latex agglutination reactions and 305 Quellung reactions to serotype the 153 pneumococcal isolates. In contrast, only 331 PCRs were required to type 140 (91.5 %) of the 153 isolates. In summary, serial multiplex PCR proved useful for identification of the principal serotypes causing pneumococcal disease among children in Mozambique. PCR correctly identified all serotype 1 and 5 isolates, which have been found previously in our hospital to be responsible for .50 % of invasive pneumococcal disease during a 12-month period . Combinations of primers formulated to identify pneumococcal serotypes more common in developing countries than in the USA (Pai et al., 2006) identified 82 % of the isolates in this sample in the first two multiplex reactions. Even for locations where a lower percentage of pneumococcal isolates are serotypes 1 and 5, primers included in all seven reactions used for this study are likely to identifỹ 90 % of the serotypes causing disease in children. The serial PCR procedure required minimal training and no prior experience with PCR for efficient and accurate serotype surveillance, and was far less time-consuming than classical Quellung reaction-based serotyping. The major disadvantage of the current PCR approach was the inability to determine all serotypes (see 'Not typed -cpsApositive only', in Table 1 ). Other disadvantages included the inability to resolve the commonly occurring serotypes 6A and 6B, and the inability to resolve certain serotypes from rarely occurring serotypes within the same serogroup (22F/22A; Table 1 ).
The inclusion of the positive-control primers in each reaction reliably identified sample preparation problems so that reactions that failed to amplify a product could be repeated. With the widespread availability of conventional PCR machines, this approach can be used to type pneumococcal isolates at microbiology laboratories that lack type-specific pneumococcal antisera. The work presented here, and in the accompanying report dealing with Brazilian isolates (Dias et al., 2007) , is consistent with the notion that the included primer sets are specific for the corresponding serotypes from diverse collections of isolates collected in developing or newly industrialized countries. Major advantages of this approach include the potential to type small numbers of isolates at moderate expense, prompt identification of predominant serotypes for case investigations, and a reduction in the number of isolates requiring transport to reference laboratories for serotyping. Further modifications of the method will be described at the CDC Streptococcus website (www.cdc.gov/ncidod/biotech/strep/PRC.htm). pneumoniae serotyping in Africa. PCRs 5 and 7 were as described in Pai et al. (2006) . The position of the cpsA fragment is indicated by an arrowhead.
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